The effect of tool eccentricity on the joint strength in clinching process was investigated. The objective is to understand the mechanical behavior of the clinched joint where proper control on the alignment setting of tools can be considered. In this research, a clinching process to form a round joint was carried out by offsetting the centre line between the upper punch and lower die. The experimental results were compared between offset conditions. Coated mild steel sheet were used for the evaluation. It is found that the strength values by offset clinching exhibit variation in sinusoidal relationship with respect to the in-plane offset direction.
Introduction
Mechanical clinching is a cold joining process commonly used to join several metal sheet components into a single piece structure by local hemming. This method is widely used because of its short time and low running cost merits where no additional materials for riveting or heat energy for welding, are consumed. The process also exhibits flexibility in joining different types of metal sheets such as aluminium alloy with steel to reduce weight of a vehicle structure in automotive industry. Among the researches made on the mechanical clinching method, Varis and Lepist (2003) established important parameters for clinching process by experimental method and finite element method (FEM). Varis (2003) examined the joint strength of various shapes to determine the suitability for making building frames with high-strength structural steel. Varis (2006) further studies the economic merit from the point of tool service life by comparing the unit cost produced by the mechanical clinching over the self-pierce riveting. Abe et al. (2007) studied the method to join aluminium alloy with mild steel sheets by investigating the flow stress of deformed sheets. Lee et al. (2010) applied FEM on tool design to achieve higher joint strength which fulfills the automotive industry standard. Coppieters et al. (2011) presented a set of analytical methods by simplifying the material geometries and stresses to predict the pull-out strength in box-test. Abe et al. (2011) reported that the joint strength of rectangular shape displays higher values than the one of round shape. A metal flow control method was introduced by Abe et al. (2012) to overcome facture failure of high strength steel when clinching with aluminium alloy sheet. Mori et al. (2012) compared the fatigue strength between mechanical clinching and self-pierce riveting, and explained the mechanism of superiority by mechanical clinching method. It is reported that the strength of a clinched joint is generally determined by the parameters which can be measured from the cross sectional geometry of a deformed shape, i.e., the interlock t s and neck part t n as denoted in Fig.1 . In clinching process, it is common that many small punches and dies are placed inside a die-set at specific locations to clinch metal sheet pieces simultaneously in one stroke. Because of the complexity in setting the alignment for many punches and dies inside a die-set, a minor eccentricity due to the displacement between the center axes of upper punch and lower die may occur at the initial stage or after a long period of service. Therefore, an evaluation of joint strength by offset clinching is essential to provide better understanding about the mechanical behaviour of the clinched joint where proper control on the alignment setting of tools can be considered. 
Nomenclature

Loading tests for joint strength evaluation
Loading tests are carried out to evaluate the joint strength of clinched specimens with offset and without offset conditions. Two type of loading mode (See Fig. 4) 
Offset clinching and joint strength tests
In this research, two types of material are prepared for comparison purpose. Table 1 shows the material properties in tensile test and blank thickness. Three samples were taken for each loading condition and the average values were plotted to show the trend. In opening test from Fig. 5(a) , the strength curves by offset clinching are generally below the one without offset ( e=0 line), and the trend is further down with the increase of offset ratio e. However, it is interesting to see the strength curves by offset clinching in Fig. 5(b) behave in opposite sense in tension-shearing test. The phenomenon can be explained by the strain hardening effect takes place at the neck part t n for mild steel material and thus shows higher values than the one without offset, and the trend is further up with the increase of offset ratio e.
For the case of opening test for aluminium alloy in Fig. 6(a) , although the strength curve by offset clinching shows similar pattern with the one of mild steel, the values compared to the one without offset drop drastically at the same offset ratio e=50%. This is because the fracture failure takes place at the neck part for aluminium alloy, whereas only button separation failure is observed for mild steel when the blanks are compressed up to the bottom thickness reduction r b =60%. An early clinching experiment result at e=0% for aluminium alloy shows that the stress at the neck part is somewhere reaching the ultimate tensile stress and the material is less ductile to cause neck fracture when the blanks are compressed to the bottom thickness reduction r b > 40%.
For the case of tension-shearing test for aluminium alloy, the strength curve by offset clinching shown in Fig.  6(b) is below the one without offset. The trend is opposed to the case of mild steel where the curves are all located in upper region of e=0% line in Fig. 5(b) . As mentioned before, this phenomenon is due to the fracture failure prevailed at r b =60%. 
Discussion
The present research is intended to provide a reference on the behaviour of joint strength by considering the tolerances of tool alignment for mechanical clinching. Generally, the joint strength is less influenced by tool eccentricity factor if the material possesses higher strain hardening and ductility. Although at the same amount of offset distance given, the joint strength behaves a great variation with respect to offset direction of the punch relative to the loading point. Thus, the data is useful for one to make precaution on tool alignment during the tool setting or inspection by considering the positions of the clinched joints relative to the loading point. For instance at e=50% in Fig. 5(a) , the strength reduces to 36% (449 N) at =0° but only 10% (633 N) at =180°. Therefore, the tool alignment can be done in proper way to control the quality of joint strength by using these data. Let say the allowable strength is set within 10% fluctuation, the range of deviation in tool alignment is acceptable up to e=25% if =180°±60° or e=50% if =180°±20°. However, for clinching the aluminium alloy sheets, more cautious measure is necessary for the tool alignment to be controlled within a narrow range of tolerance since the experimental results show that the material strength drops drastically by offset clinching and the neck fracture failure is likely to occur. Interpolation can be made between the available curves to obtain values at specific offset conditions. The evaluation of joint strength in opening test is much critical where the pulling forces generally yield lower values (about 3 times) than the one of tension-shearing test.
